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4 Abstract. - An extensive collaborative study of the maximum-type solar corona at the July 22, 1990 edljp-
has been performed after collecting data from the ground and from an aircraft. The study provides photomtri.
quality data and structural analysis on the electron corona. Synoptic data are used from the Emission-Line (C>rorijPhotometer of the National Solar Observatory/Sacramento Peak. The activity of the low corona at the time
eclipse is first discussed. Noticeable is a large nearby polar hole at the SSW%, limb well-observed on both li.
"green-line data and eclipse data. Strong activity is seen at the E and W limbs and numerous faint promin,-n,--a:.
recorded all around the limb. The photometry of the White-Light corona has been performed with selected p.•
from the French Falcon-20 aircraft experiment flown above Finland. Isophote maps are given as well as azimutda. <a.-in absolute units of average solar brightness. The standard flattening index is computed using the values det,:-r
for different radial distances. A few scans are compared with Fe XIV 53 0 .3nm scans, and show great similarnt a 4'r
prominence emissions are excluded. The structural analysis i. bas.ed on the excellent radially-filtered eclip,• pi"t1-1

obtained from the ground with one of the standard multi-station experiments placed along the path of tnta.<'
the USSR. Both the inner parts and especially the outer parts of the plasma corona are analyzed. Proce's,•d F.
to enhance small-scale gradients show the distribution of stream-.r-like Qtructures and extremerly fine raysrather bright sky, long rays are seen up to 6R,-; the origin of several very fine straight coronal threads is di'.,-
well as a system of voids seen above the East limb, surrounding prominence material
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1. Introduction. vations (Fiala et al 1988). Therefore, an effort has bte

made to provide the best possible chance for a sign if ,ar::A total solar eclipse provides the unique opportunity of scientific return from observations made with portal>,
observing in white-light (WL) different parts of the solar equipment. namely to combine aircraft-based obser' at ion
atmosphere: the transition region, prominences, the hot with ground-based observations made from mulhip, sta-
electron K-corona, including the possible sources of the tions, with several instruments spread along the line of
solar wind, and the dusty F-corona. The July 1990 eclipse totality to increase the chance of having a clear skN. We
did not occur in good conditions for ground based obser- note that no Spaceborne coronal experiment is available

to provide information on the coronal activity in 19'.0The National Solar Observatory is partially funded by the
USAF under a Memorandum of Understanding with the Only snapshots of the corona are possible during an
National Science Foundation and operated by the Associa- eclipse; the short duration of the event and the success of
tion of Universities for Research in Astronomy (AURA). one experiment in our multi-station experiment permits
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analysis at one single moment. More observations made failed to give scientifically useful data because a few min-
around the eclipse data are needed to make the connec- utes before totality our optical window,, becamie frozen
tion with disk activity; here anr attempt is made to fully fromn the Inside, so it was dediced to conct-ntrate (,n a
use the synoptic coronal data from the National Solar freeze-free window and run only the WL photograp~hir
Observatory at Sacramento Peak (NSO/SP). 'Fhe high experiment to provid,. absolute anid rtlative calibrati.<n
resolution analysis of coronal WL structure of this near- for coronal pictures of very limited resolution Pictur#'
maximum of sunspot activity will also be considered, as were taken with color films of high senisitivity with dif
the eclipse provides a unique opportunity to image coro- ferent exposure times, and calibration way made witla a
nal structures from the solar limb to several solar radii, specially designed sensitomneter SelIected picturis rl a:
with good resolution. Special filter processing has been alyzed with the fast mricrophotorneter at National !ý-!V
applied to enhance the density features seen in WVL over Observatory /Sacramento Peak A sample of the pictUre's
the solar corona. We will confine the analysis to a few we took can be found on the cover of the Sept-Oct V499f
more quantitative parameters, leaving a more extended issue of thre French journal: l'Astruionomie 104 or ini Ski.
discussion of a maximum type corona until after the July and Telescope Jan. 1991, 81 87-88.
11, 1991 eclipse.

2.2. THlE GROtUND-BASED RADIAL FILTIER CORONAE.

2. Observations of the coronia at the 1990 eclipse IM AG 1N G
anid near the eclipse date A mutlti-stat ion experiment was attempted., lassl ": ;27;

The material used in this work comnes essentially from tw-o experiment runl at Past eclipsoes ( Noutchnilv et .) 1'171
different experiments performed at ground-base'd sites anid Eclip~se teams from France. Czechoslovakia. and th. \

with an airborne package. USSR were based at 3 different widely separatfed lowii
in USSR, but only the team of Kiev Universit%. let ti
N.I.D. and G A R., succeeded in geiling S0111 goodl da. i

2.1. THIE FALCON JET ECLIPISE FLIGHT AND althrough on a rather bright sky. One of th, n:.
EXPERIMENT radially-compensated pictures obtained on Ekta (A r

We prepared a cluster of small telescopes put on an alt- film sheet with a 20sec exposure timne was transtii,1- i

azimuth mount behind 3 quartz optical windows of differ- for analysis. A color reproduction of the pictuiro a~-
found on p. 10.5 of SkY and Telescope (1991)1 81 NJf-* en't diameters (220 mm; 120 mim and 80 mim). The main pcuei o elsie o htn'ti ups~.

telescope was a 160 mm--aperture Cassegrain telescope pictur is sfcinot els for th ophologicalanav'is p lrpo-k

put behind the largest window. The pointing was done wite dsupficatswtiidfeent co h opolorgicltersl were 111a, k-,

manually, thanks to a small guiding telescope feeding a the 18 duplicmte fim sh dferent, ando th ler v betp nialre:or
color video-CCD camera. Thre trajectory of the eclipse duliae, ISx2mad wimseth anth bodband gre-spa rang"
flig;ht had been accurately computed, taking into account daslscannemde withthe fas nirophtoind grý riofngo r
theý local conditions of flight, in order to guarantee a sta- The rsultingd winthntiefst corrsponwlltorwT (ifi \\O I.

ble image during the 80 sec. of totality. It was dediced Tersligitniiscresodwl , -ki1 (,ý
tcý perform the flight above Finland because the line of a h anlwectto msinhe-aeeell
sight (.o~s.) was sufficiently low to allow a lo~s. almost to The picture was taken at. 03:0 v Tr. Frrini a site -

the side-on windows. However, even at the high altitudes ated near the village of Mfarkovo (N' 641I4f) 0. E 1700,-,;K
made possible with a jet like the Falcon 20. atmospheric the altitude of the Sun was 40o . The radial filter I ran--
attenuation is still a problem with regard to photometric msinhsar-d endsrbdb ortn :.
accuracy, in the case of low elevation objects. For this rea- (1978). A Zeiss achromatic AS doublet lenis of 20 ctnl apor.
son, the atmospheric spectral transmittance of the Earth ture and 3 m focal length was uised to produce the corcinal
atmosphere for the expected elevation (30) was computed image.
for different altitudes, see Figure Ia, using a standard
model of the atmosphere and the LOWTRAN 6 package 2.3. SYNOPTIC OBSERVATIONS OF THE FEXIV CORONA
proviided by Geophysics Laboratory (AFSC). The COM- AT THE TIME OF THE ECLIPSE,
putation clearly shows the effect of ozone absorption at
high altitudes. Figure lb shows the spectral transmittance Observations were made at NSO/SP with the Fisher-
recomputed for the local conditions of the eclipse flight Smartt Emission Line Coronal Photomieter (IKI.CP)
which occurred at. 12 km above Joensuu (Finland). The (Smartt, 1982). This instrument photoelectrically records
recorded time of second contact was 01:52-.45 U.T., and the solar corona when fed with the John W. Evans Solar
the length of totality was only 73 sec instead of 80 sec Facility 40 cmn Coronagraph. It operates at high precision
we were expecting. The altitude of the Sun was 40 and due to its ability to subtract the sky background from
azimuth angle 52*. Many experiments we had prepared the signal in emission lines through use of a lock amplifier
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oscillating at a rate of 100 kilz between the continuum Cial[V CWflN~tiitit il LhC ifnler part~s Of thW (.4611a vIrt
and the line at 530.3 ntn (Fe XIV), which is fo. ived at at) the radial variations are rather drastic. F gure C presenrt!ý

approximate temperature of 2 NIK. Observations in other the azimuthal variation of relatIve initrnsitieS at S(-. f'al

lines will not be discussed in this paper. Successive scans values of R? as measured on a filtered1 picturr in Muegrevii

are reproducible frequently to less than 1 millionth of color. T1he coronal hole (CH) at 190* position anogle (near

the brightness of the solar disk at the given wavelength. the S-pole) is easily seen on the-se scans, uip to If = I ri

Scans are routinely made in skies as bright as 200-400 Further out, the dusty F-corona dontitates, so the ('11 be-

millionths. A 1.1 (0.07RD) arcmin aperture is scanned comes dimmer. After Substracting the parasit ic scalttered

around the limb at 1.15, 1.25 and 1.35R,' . The output of light, as observed on the lunar background. and using a

the ELCP is sensed by a photomultiplier, digitized and calibration curve built by introducing the so-called Baker

recorded every 3" of latitude. Absolutoe intensities; in mi)- densities, we converted the measured intenisit js over thc

lionths of the brightness of the center of the disk 530.3 nmn pictures to absolute units of the average brightness of
are obtained by calibrating the system through a neutral the solar disk obse~rved with samne blue-gree#n rolnr fi1-
density filter. ter (broad band %WI, photornet ry). The sclecte-d scans asre

shown on a low-contrast print of the coronal picture in

3.RslsFigure 7. To display the whole range of ine 0)is~-

,served from the i,,ner parts to the outer-miost parts at
3.1. ISOPHOTE MAPS AND THE FLATrTENING INDEX R = 3.0. we show in Figure 8 a logarit hinir dist'lay of Ih1

We selected the best airborne NVL pýicturs taken Witt, 300 azimuthal variations of in(rvitenitis, the unit being I0 4J o

inim focal length lens on 3.5 min and 70 inm filmis to per- the average solar bright nf-,ý H

form a photometric anal vsis. Pictutres were scanned With Iii bothI Figures 6 and 8. t h- posit i.'n aigi hsa%, lo,'I:

the equivalcrnt of a blue-green filter, in s->)rder to reduce the dete-rmined by identifying the pronstwineces Ol,'(in the

effect of over-exposed imiages of red promninences. which very inner parts (if the corona, th.' posit ion of Iiiiiuews s r-

are seen all around the luniar limb, Figure, 2 gives thle perted fromn ground- las',-l n.cis l~-ra oi sel

isophote map obtained from a short expo:.urr pictunre anid at different observatoriesý ar, tak-en into access t. ['H pI

Figure 3 the isophot~e niap obtained fromi a picture Witth cision of positioning IS esT irnlatd tn by, ± 7" ( ,nec

longer exposure time mnade on film pushed( at 3200 ASA.V aslt intensities Ak'- is Into accomnt all 'ýlllnce- f 11

We do not show the corona further out., because the iiiflui- cert aintit s. wetini 'h, "MIT''ros in Ficir' dli . a11!

once of corrections to be made for scattered light II the ±- 30[;, for the inner part ff ii nma ntes ti I

combhination window-lens are large and reýduce the pre- I .Y/Z fo-,r t lie outor, alt hi; v iý ire, parn, of iti '1 c-'ý!

cision. The influence of the sky background is- negligible rFhe relJanive variat rions -f into iislits an' rn, r;,Hi' !14-

here, and no asymmetry of non-coronal origin is uietfected Preci-". reaching a ± 57{ pr -i~si;: for 1,;cal into~ r f, .iij

over the isophote map- In figure 4 we give few typical To reachi a better prc~ise , 1, I ur focal 1 iigt pi. t,jrc sr

scans calibrated In intensities along diffi-rent (direct ions needed an d a more, prcI- P.,. il of d a -.,A Is I, hr It ii

to diust rate thie polar-equatorial asyniniet rv mea~sured In using fielId stars (Khoot cits . , a) it 19> andi L,I .... -5 i!

this solar- maximnumr corona. 198.5). should be 'Ie 1_>- i- difficult to- 1,ýrfm r %% oh

To go further in the analysis of the polar-equatorial an airborne cxperinie~nt A .-% sa III,,

asym-metry, a statiscally more significant paranse~ter, the condlit ions of observwýtions f r this ecjl.flight. "Is, is ii'

well-kinown flattening index !( Koutchrn, k- Ni rscheAll main window we use~d 1-ft (rn a smiall portjiissfn e

198-1). is derived in Figures 4 and 15- This index is widely did not permit a high Oj.Ic.t .tii.t nc arcura'cv anl li'l is '

used to describe the solar-cycle related variations of the peýrmit the analysis of th., c<;tr-rjjist part, of t~ltrr

K-corona. The radial variation, assuming a linear relation- lloweve.r, we note sthat thir,, c h t lie standiirdrl siiqtia

ship for thas been extrapolated to the radial distance windows of the aircraft. cc~r,-;nal si reansers could be vi'.s

R = r/R-.; = 2 to deduce the so-called (a + b) value in ally seen at large radial dist atises. Thuos if In thli fuiturie

Figure 5. Only the very hinner part of the corona, bet ween theC problens of kee(ping the, optical windows ceaii cain bw

R? = 1-2 and 1.4, has been used to deduce (a + b) , wh Ich solved (using a forced flow (f dry CO-, ga's. for cxampll.).

makes the result rather uncertain. Note that points cor- aI far more precise photorntr% of the extc rnal parts of th'e

responding to R > 1.4 are affected by the brightness of corona can be done.

the F-cor.rona and we wanted to deduce the flattening at
R1= 2, or equivalently (a + b), for the electron h-corona. 3.3. SYNOPTIC MAPS AND 'THE L AFW;P- FFLA~t lS OF

THE juiXy 22. 1990 ('0140%A
3.2. RELATIVE AND ABSOLUTE PHO0TOMfETRY
A classical way to present the distribution of WL inten- TIhe Fe XIV green-line emission picture and miap, pro-
sitie~s in the corona is to show the azimuthal variations duced to give the best repres-entation of the roroiial emnis-
of intensities for selected radial distances. This is espe- sion at the time of the eclipse, are presented in Fig-
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ures 9 and 10. Figure 9, which shows the intensity from elongated ray out to [t = 6 with a tiny cross-section is te-
R = 1.15 to 1,35, compares favorably with the eclipse data vealed. Note that the ray seems to emerge from a coronal
of Figure 2 and even Figure 7. The SSW polar CH is par- region with small loops (in the inner parts of the corona,
ticularly well observed by both eclipse and out-of -eclipse the noise is considerably reduced compared to what is
observations. Its position can be easily identified on the present in the external part, so almost all features seen on
synoptic map represented in Figure 10. This is a major Figure 14, especially the very inner parts, are real corivnal
feature of the July 1990 corona, which occurred close to details). Even more remarkable is the ensemble of curved
the sunspot maximum of activity. Another major feature tiny rays streching out from the W limb. Many more rays
present on Figure 10 is the E-limb strong enhancement are seen all around and sometimes a detached struture
of Fe XIV emission occuring near P.A. 115* being more can be noticed, for example above the N-pole region
prominent than the W limb features. Comparing Figure
11 (Fe XIV emissions) and Figure 6 (WL intensities) for
the same radial distances, we tried to look more carefully 4. Discussion
at the distribution of WL intensities for small values of
R. Figure 12 presents the result of the analysis at small The main results of the analysis of the large-scale features
R: 1.05; 1.10 and 1.15. The large effects produced by the of the inner corona concern: the measurement of the flat-
promi,-ence emissions is apparent on scans performed at tening index of the near-maximum-activity corona; the
R = 1.05 and even R = 1.10. They suggest that at least occurrence of the rather large coronal hole, an observa
a part of the strong inner-corona Fe XIV emission seen tion confirmed by the out-of-eclipse synoptic analysis of
on the E-limb and the inner Fe XIV emission seen at the the Fe XIV emissions; the importance of the line enIis-
west limb at 300 S could well come from active regions sions recorded on the broad-band WL pictures, due to
enhancements with a prominence inside. The large dy- the presence of numerous large or faint prominences all
namic range of the Fe XIV observations relative to the around the limb.
WL observations is due to the fact that Fe XIV emission is
proportional to (ne) 2 , and WL to ne A recent re-analysis 4.1. GLOBAL PARAMETERS
of calibration procedures indicates that all intensities in
Figures 9, 10 and 11 should be multiplied by 0-67. The rather limited precision of our absolute calibration

does not allow us to reliably compute the magnitude of the
WL flux of the eclipse corona. however, several regions at

3-4. FINE SCALE STRUCTURES USING THE HIGH low latitude clearly show large intensities, revealing a large
RESOLUTION GROUND-BASED PICTURE amount of material above active regions (enhancements).

The flattening index determination is based only on rela-
We used the radially filtered picture to analyse the fine tive intensity measurements (indeed, the use of isophote
scale details of the eclipse corona. Figure 13 is a print maps), so there a satisfactory precision is attained, pro-
made from the best duplicate, after digitization and data viding monochromatic emissions from faint prominences
processing using simple operators to remove artifacts and are avoided. 'The value of ( we deduced at R = 2, the
to enhance the small scale gradients in all directions. Un- so-called (a + b) value, is typically 0.12. This value is an
fortunately, such procedure increases also the influence agreement with values reported in the literature for an ac-
of the photographic noise. A white disk has been also tive corona (Loucif & Koutchmy 1989) but lower than the
generated to show the location and the size of the solar typical values obtained for a minimum corona with polar
disk. in superposition on the Moon's disk. Note the dom- coronal holes. However, an extrapolation made in this last
inant radial structure and the location of the CH at the work (see their Fig. 7b) at the time of a pre-maximum
SSW. Besides a few large scale structures, which could corona, would give a lower value, close to 0.07 on average,
be a -system of streams" forming together what is called although a large dispersion is present. Because the current
in the literature a coronal streamer (for example, at the sunspot cycle is not yet over, it is difficult to speculate
SW limb), several regions show many straight "streams" on the origin of the discrepancy: is it because we did not
or 'rays', which are rather small in cross section but yet reach the true maximum of activity in July 1990, or
extended in the radial direction. The most remarkable is it because our value of.[ is too high due to errors pro-
ensemble of such tiny extended rays is seen in the SWW duced by the procedure we used? Note on Figure 5 that
region. Figure 14, which is a variant of Figure 13, shows the extrapolation to R = 2 is based on points situated
these structures even better. A special image-processing between R = 1.2 and 1.4 only; including a few points up
operator (Koutchmy & Koutchmy 1990) has been applied to R = 1.5 would drastically lower the (a + b) value!
to the image represented by a 1024 x 1024 pixel matrix of This makes the determination of (a + b) very sensitive
intensity value, namely the operator Max applied to the to the details of the inner corona, a part of the corona
absolute values of second derivatives computed in 8 differ- that is presumably free from the influence of the F-corona,
ent directions for each pixel. At the SW on Figure 14, an which is circularly symmetric (at these radial distances).
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Finally, we note that the presence of the large S-pole CH This conclusion was recently reached by other observers,
is an important factor deteimining the value of (a + b); who analyzed a simpler corona closer to the sunspot mini-
obviously, without the CH, the corona would have shown mum of activity (Sime et a&. 1988). In the last year, it has
a more "normal" (namely lower) flattening index, become more and more evident that even the K-corona is

very inhomogeneous and variable. Above active regions.

large-amplitude kG coronal magnetic fields are observed
4.2. PHOTOMETRIC ANALYSIS in both the radio spectrum (White et a]. 1991) and the op-

tical spectrum (Koutchmy & Zirker 1990). At the sunspot
Commenting further on the inner-corona WL intensity dis- maximum of activity, a large number of transient events,
tribution, we note definitely higher values at the W limb connected with prominence eruptiuns near active regions,
than the E limb, when emissions from faint prominences are observed (MacQueen & Fisher 1983). On a snapshot.
are avoided (cf. Figs. 6 and 12). This is clearly different as observed during an eclipse, it is impossible to consider
from what was observed in the Fe XIV 530.3 nm line emis- those events, but their influence is certainly imprinted on
sions taken a few hours before the eclipse (cf. Figs. 10 and the coronal image. So it seems rather futile to go further
11); there the E limb is definitely brighter, especially at with an exercice that consists of connecting each coronal
position angles near 1150 (EES lih~b). A qualitative agree- feature with "something" on the disk as guessed from
ment is, however, readily noticeable, even at R = 1.15, observations made several days before or after the eclipse
when the overall distribution is considered. The correla-
tion between WL intensities and Fe XIV line intensities is
clearly lower in the very inner corona, where temperature 4.3. STRUC-TURAL ANALYSIS
inhomogeneities are present, especially over active regions,
than in the higher corona. At radial distance R = 1.35,
the correlation appears better: the W limb is now brighter A last but fundamental point should now be considered,
on both WL and Fe XIV intensity distribution, and the namely the fine structure illustrated by Figures 13 and
qualitative agreement is very good (cf. Figs. 6 and 11). especially 14. Many thread-like or ray-like features are
It is quite interesting that the lower correlation found observed: should they be considered as sh-ets extending
in the very inner corona coincides with the presence of beyond the resolution limit (10Mm) seen side-on or are
many faint prominences, including those which are en- they of circular cross-sections? Are they crossing each
tirely connected with active regions, revealing the large other? Additionally, we have examples of a ray extending
temperature inhomogeneities above the regions. A closer at least to R = 6 (neglecting projection efferts which can
examination of the best radially-filtered picture confirms make the ray only more extended). The long ray at the
this statement, showing even more details on the influence SW limb in Figures 13 and 14, slightly curved in the inner
of faint prominences. Figure 15 shows an enlarged part corona, straight above and with a seemingly decreasing
of the inner corona at the EEN limb where significant cross-section, is probably the best example on this eclipSe
WL enhancements are observed from R = 1.15 to 1.5 (cf. picture. Above this ray, many other rays emanating frcm
Fig. 6). Fe XIV line emissions do not show prominent the W limb are detectable, some of them appearing almost
enhancement (cf. Fig. 11). However, two large but rather parallel but again slightly curved in the irner part of the
faint quiescent prominences are recorded there. We also corona and never strictly radial. Many other examples.
identifv several regions above these prominences which even above the N-polar region, can be found, sometimes
are definitely dark on Figure 15, revealing a large deficit these rays seem to be detached and they appear to begin
of electron density. These regions look like parts of a at a significant radial distance (see above the E limb).
dome with voids covering each prominence, as described We do not believe those rays have a circular cross-section.
by No~ns (1990). With a cruder spatial resolution we in many cases only one edge of the ray is sharp which
would have said they are the cavities sometimes observed could reveal a tangential discontinuity. We have a strong
under the helmet streamers; here we observe also narrower suspicion that each sharp edge corresponds to a jump
streamers and complex empty regions. Note in Figure 13 of the magnetic field amplitude: conservely, a fine rav
that a more classical helmet streamer, composed of the su- could correspond to the location of a neutral sheet and
perposition of several extended streams over a small faint reconnection phenomena could occur along it in the quasi-
prominence with a possible cavity, is observed at the SE radial direction, the neutral sheet being stretched out by
limb. Examining the detailed magnetic field maps from the wind and gravity. An even more radical hypothesis
NSO/Kitt Peak, as well as the reconstructed synoptic can be considered: the existence of the so-called Iligh
maps as published, for example, in Solar Geophysical Data Coronal Flare (Cliver & Kahler 1991). Our picture (Fig
(NOAA), for the period of July 1990 eclipse, we found it 14) of a corona filled with many such rays supports this
rather difficult to form any definite conclusions concern- hypothesis.
ing the association of neutral lines and concentration of
opposite-polarity magnetic fields with coronal features.
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5. Conclusioni E~ari' Solar Facility, unde~r the dire~ction, of Lou ( illkran
ant] on the support and miaintenaceý staff Ol'scr~at 10115

Calibrated eclipse pictures permit an analysis of the large- made in UISSR have been supported tby a sperloil agy'-4-
scale features; this analysis is especially interesting when me~nt with IZNIIRAN, thanks to the on~o~re~ f Yu
additional information on the corona is available from Zhugihida, the support of the t'SS11 (ui ii' d fi0 r As'? !r,
observations made around the time of the eclipse. flow- nomiw-al Research in Moscow and Kt,-\ and di.- SI.,Nak
ever, only high-resolution radially-filtered pictures permit Academyv of Sciences, As usual. local autbrltif.,rij at diCw-r
access to the real physical processes responsible for the ent eclipse sites played a great role iii pro\ vidiig r-s~,ujrr's
coronal structure. A temporal coverage at scales of or- and faci[lit ies to observers, and they are grat4-fulli v acvreAl-
der of few hours is needed to make a further progress: edged At NSO/SP we are al,.. 6rate-ful to, J 13 Z~f k"r f, r
this is the aim- of the multi-station international experi- comnments on the rnanus(-ript anid to Todd Brown. %ickj'
ment. ran at the July 11, 1991 total solar eclipse. Further- Stinson, and John Cornett who provld,'d assiStanjCe With
more, large aperture telescopes like the Canadian- French- the manuscript preparation.
Hawaiian Telescope have been used during that eclipse.
so we plan to perform measurements with a significantly References
better spatial resolution which, hopefully, will be sufficient
to r 'esolve a few of the density structures linked with mag- Billings D.E. 196i6 A G~uide to the Solar Corona NY Acad
netic reconnection phenomena. The very existence of the Press
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FIGURE ]a. Spectral transmission of the Earth atmosphere computed for different altitudes above sea level- Altitudes on the
curve are given in km and the line-of-sight is assumed to have a height of 3* above the local horizontal direction The dip at
0.76 microns is due to the molecular absorption of 02.
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FIGURE lb. Spectral transmission computed for the actual eclipse Right. Note the absorption near 600 nm produced by the
ozone layer.
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CONTOUR PLOT, CORONA JULY 22, 1990
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FiGUR~E 2. Isophote map produced after recording coronal intensities from the inner corona (short-exposure) picture obtained
with the airbone experiment; the effective spectral range covers the blue-green region. N is at the top, and E at left.
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FIGuRtE 3. As Figure 2, for the outer corona (long exposure). Note the different scale.
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FIGIt£ 4 Typical and average radial -cans performed near the equatorial and polar dirttion, nn the picture used for Figure 2
and the deduced flattening index.
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FIGURE 5. Extrapolation of the radial variation of the flattening index to show the possible value for the K-corona alone at
R = 2.
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WHITE LIGHT CORONA, 07.22.90, INTENSITY AT R=CONST.
241 1
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FIGURE 6. Azimuthal variation of the measured intensity in the inner corona for different radial distances (airborne experiment).
Intensities are linear but in relative units; the exact position of the heliocentric N is shown by a small mark under the abscissa
near the '200 position angle.

FIGURE; 7. Picture reproduced from the recorded intensities of the coronal picture used for Figure 3 with azimuthal selected
scan heights shown with dotted lines; radial distances correspond to the scans shown in Figure 8. Note the exact position of the
N pole and E limb.
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WHITE LIGHT CORONA. 07.22.90, INTENSITY AT R=CONST.
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SAC.PEA~K FE X IV AT R 1S
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FIGVRE 10. SynVoptic Map Of Fe XIV emissions at R 1.15 ± 0.034. This map has been reconstructed using obseri~aticns made
around the eclipse date, using both E-limb and W-lirnb (denoted by WVs at top) data. Note the C11 at the SW. The vertical lines
show the position of the limbs at the time of the eclipse.

1001 Fe XIV Corona: July 21. 1990
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FIGuRE 11, Plot of the azimuthal variations of the Fe XIV emission measured 9 hours before the airbone eclipse observations.
The total radial extent of the aperture is 0.069R0D.
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WHITE LIGHT CORONA, 07.22,90, INTE.NSITY AT!~CN
200f

R= 1.05

1500

R=1,10

50 R=1.15

FlI-ý,RE 12. Poofthe azimuthal variation', M the WLI 'nte stieq ohserveL4 in the very inner corona. Note the large inten iti.
due to the emissions by prominences at R 1 65t~ ard 1 10. The exact position of N is near the 2 00 mark.

FIGURE 13. Radially filtered ground-ba.sed picture of the July 2?, 1990 eclipse corolla after image processing to increase low-
gradient featuires and to remove artifacts. N is at the top and E is at the left.
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FIGURE 14. As in Fig. 13 to show only small scale gradient features. Note the extended ray at the SW limb, up to R 6

FiruRE 15. Detail of the radially filtered ground-ba~sed picture, without any imr~ge processing, to show the E limb region. Note
the voids rising above the prominences at right and the apparent coronal cav~t, over the side-on prominence, at left.
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4 Abstract. -- An extensive collaborative study of the maximum-type solar corona at the July 22, 1990 eclipse
has been performed after collecting data from the ground and from an aircraft. The study provides photometric
quality data and structural analysis on the electron corona. Synoptic data are used from the Emission-Line Coronal
Photometer of the National Solar Observatory/Sacramento Peak. The activity of the low corona at the time of the
eclipse is first discussed. Noticeable is a large nearby polar hole at the SSW limb well-observed on both synoptic
green-line data and eclipse data. Strong activity is seen at the E and W limbs and numerous faint prominences are
recorded all around the limb. The photometry of the White-Light corona has been performed with selected pictures
from the French Falcon-20 aircraft experiment flown above Finland. Isophote maps are given as well as azimuthal scans

in absolute units of average solar brightness. The standard flattening index is computed using the values determined
for different radial distances. A few scans are compared with Fe XIV 530.3nm scans, and show great similarity when
prominence emissions are excluded. The structural analysis is based on the excellent radially-filtexed eclipse pictures
obtained from the ground with one of the standard multi-station experiments placed along the path of totality in
the USSR. Both the inner parts and especially the outer parts of the plasma corona are analyzed. Processed pictures
to enhance small-scale gradients show the distribution of streamer-like structures and extremely fine rays. Despite a
rather bright sky, long rays are seen up to 6ko; the origin of several very fine straight coronal threads is discussed, as
well as a system of voids seen above the East limb, surrounding prominence material
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